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ABSTRACT 

In educational psych.^logy research the concept "prior 
knowledge" is not always clearly described, but it is important to 
distinguish prior knowledge state (PKS) components as well as 
possible and to elucidate the relations among these elements. An 
in-case-s t udy was conducted into the operat i ona 1 izing of the concept 
of prior knowledge and the PKS, investigating how PKS should be 
operat i onal ized using a number of variables. Data collected in a 
literature search and an enquiry among specialists is interpreted. 
Seventeen experts in cognitive psychology and artificial intelligence 
responded to a questionnaire on PKS. Their responses were used to 
derive a provisional conceptual model with eight variables: (1) the 
nature and amount of information and skills; (2) availability of 
cognitive s'ructure; (3) structuring of the cognitive structure; (4) 
relevance of information in respect to the learning objectives; (5) 
the pace or duration of the learning process; (6) durability of what 
is retained; (7) previous education; and (8) work experience and age. 
Seven figures illustrate the discussion. (Contains 13 references.) 
(SLD) 
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Sumnary. 



In research in educational psychology the ccancept of "prior 
knowlecige" is not always clearly described. It is not easy 
to describe. Scholars tend to have different ideas about the 
interpretation of the concept. The "prior knowledge state" 
(research r^rt 1) corprises various elements. Furthennore, 
these elements are not always clearly distinguished. It is 
however iirportant for research into the role of prior 
knowledge to distirquish the different HRS corponents as well 
as possible, and to elucidate the relations among th^e 
elements. Hbe research before xjs offers an indexaticxi of the 
PKS cono^ as a basis for a cono^^tual researcii itodel. 

Within the context of the research project cm "the role of 
the prior knowledge state in the leamirg process among adult 
stuients in a itodular education system", an in-case-study was 
carried out into the operationalizing of the concept of 
"prior knowledge", hereinafter "prior knowledge state". 
The object of this stix^ was to investigate how PR5 ccold be 
operationalized xasing a number of variables. Further, we 
looked into the question of the inethod to be vised for 
measuring PRS and there is a r^rt on this in a subsequent 
research r^xDrt. 

In this r^rt the data collected in a stucty of the 
literature ani from an enquiry among specialists is 
r^roduced and interpreted. 

Finally on the basis of the results, a conc^jtual ncdel for 
the research of the PKS is proposed. 



1. valid indexation. 



In this section we will e>q)lain the tenrs 'Validity" , 
"indexation" and "c^jerationalizing" that are used extensively 
below. 

Ihe pivotal questions in this case stuty are : which 
variables indicate ±e existence of prior knowledge on the 
part of students? Which variables represent the "prior 
kncwledge state" in a valia way? 

Segers (1977) writes that the ooncqpt of validity relates to 
the question of whether the theoretical characteristic at 
issue can be ascertained by neans of the phenomena selected. 
Ihe validity principle Kieans that research data nust be such 
that it is legitimate to xujve frtxn the level of enpirical 
variables to that of theoretical concepts. 
Carminus and Zeller (1979, p. 12) fonrulate this sirtply 
saying that "an indicator of sore abstract cxx^xpt is valid 
to the extent that it raeasures vAiat it purports to neasure." 
De Groot lases the terms "conc^-as-iaeant" and "ooixsept-as 
determined". The requirement that the variable represent the 
conc^>t-as-meant as adequately as possible is a special 
requirement in respect of the relationship between concept 
and (cperationally defined) variable, "ihe issue is whether 
the variable is valid in being r^resentative, or whether the 
••validity" is that of a variable. A variable is valid if it 
is^ representative of a theoretical, more abstract cono^; 
this means that a theoreticcil characteristic can be measured 
in terms of eotpiriccdly chosen phenomena. 



2. Indexation and cperationalizing. 



•Ihere is no clear coiisensus about the irteaning of the tern© 
indexation and cperationalizing. Swaribom (1984) defined 
operationalizina as "the translation" of more or less general 
characteristics into observable phenomena vMdhi seem to 
r^resent the characterics in question as well as txpssible in 
the socicil system or phenomenon investigated at that 
particular place and time ." The result is an operational 
variable, an instrument of measurement. The term "instrument 
of measurement" does not mean that numerical values have 
alreac^ been allocated to enpirical phenomena following 
particular rules. Ihe tenn "instrument of measurement", for 
operational variables has to be taken broadly here. A 
genered ciiaracteristic is that of a construct in tents of 
which a collection of units falls into a hypothetical set. 
qperationalizing means looking at a variable which splits the 
set in sudi a way that the division that arises accords as 



viell as possible with the intended hypothetical qplit in the 
set. Ihe researcher chooses a variable in whicii, in his 
view, the general dtiaracteristic in this place and at this 
time are best r^resented. Ifost constrtacts are an initial 
phase on the way to operationalizing, divided into s^>arate 
and distir^uishable facets or aspects. De Groot (1961) in 
^jeakir^ of a ••more or less general characteristic" qpeaks of 
a concert: as ineant. An expropriate operational variable mi^t 
be called a cono^-as-detennined. Boesjes-^fcraties (1974) 
makes, like Swaribom, no distinction betwe^ operationalizing 
and indexation. He enploys them as synonyns. The 
operationalizir^ of theoretical cono^jts is an etcpirical 
event, \^ch can be referred to as "indexation" • Indexation 
is the "transfer of theoretical conc^jts f ran the theory into 
variables, foniulated in the language of research." 
Theoretical conoqpts are xised as functional entities, as 
static clusters of characteristics , that only begin to 
function in a theory. This is illustrated schematically in 
figure 1. Ihe indexation here takes place progressively 
iKJving froti dinensions to indicators; fron indicators to 
items. 
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Figure 1: developed cperationalizing of the eirpirical 
variable (Boesjes-Honimes, 1974) . 

Indexation or cperationalizing is valid when "the meaning of 
the eirpirical variable-as-determined in semantic, structural 
axxi functional terms accords with the meaning of the 
theoretical conc^ as meant." (Boesjes-Hommes, 1974, p. 142). 
Theoretical and eirpirical language should in other words be 
equivalent in three respects : the semantic, stnactural and 
functional. Equivalence in semantic terms means that the 
inherent significance that we allocate to theoretical 
concepts must be adequately present in the cperaticH^izing. 



structural equivalence itieans that the relatiaiship eaxsng the 
various characteristics remains the first specif icaticai of a 
theoretical oonoept in c^)erationalizing. The functional 
equivalence, in particular the functional validity of the 
concept after cperationalizing is determii>ed by the cbjective 
of the research. Furthentore, the translatiai frm a 
theoretical language into a particular enpirical language 
also determines the research objective that in its turn is 
dependent on the theoretical context. Ihese three aspects of 
equivalence are not separate fratn one another because of the 
semantic and structure d^)enc3ent character of functicral 
meaning. The research cbjective determines v*iat semantic and 
structural significance we should apply. 

In contradistinction to Boesjes-Hcxnraes and Swanbom, Sogers 
(1977) introduces the distinction between iixiexation and 
cperationalizing within the process of translation from the 
theoretical to the enpirical. The significance of these 
terms and their interdependence is made clear in figure 2. 



Theoretical level Theoretical cono^ 


i—enpirical methods 

r indi< 
Ertpirical level 
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It of measurement 



Figure 2: Indexation and operationalizirg (Sogers, 1977). 



In this stucfy, we shall use this clear distinction, as it has 
been introduced by Segers. 

Cperationalizing takes place in this schema at a different 
level from the one at vAiich Swanbom places the oonc^. 
Segers regards indexation as the first step in the 
"translation" of the abstract conc^ and cperationalizing as 
a second st^, in particular, the translation of the 
enpirical phenomena into an instrument for measurement in the 
narrw sense ( for exanple questions , a thermometer, a 
test. . .) . 

Indexation is according to Segers also valid v*ien the chosen 
indicators accord in their meanii^ with the theoretical 
conceit (Figure 3) . 
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Figure 3 : valid and invalid indicators (Segers, 1977) . 



The set of eirpirical phenomena vAiich corresponds to the 
theoretical definition A in principle ccnprises valid 
indicators. 

However, a concept can often distinguish more than one 
dimension. Indexation is only valid vAien all aspects are 
represented in the indicators, which are distinguished in the 
definition of the concept as a dimension. The 
operationalizing of a two--dimensional cono^t was mapped cut 
by S^ers (Figure 4) . 
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Al A2: valid indicators for diinension 1, invalid for 2 
A3 A4: invalid indicators for diitension 1, valid for 2. 
A5 A6: invalid indicators for both diinensions. 



Figure 4: Operationalizing of a two-dimensional 
(S qers, 1977) . 



Within the context of the significance that we assign to the 
concepts indexation and operationalizing, valid 
operationalizing relates to the validity of the instrument of 
measurement. There inust be no other harmcmcs in the 
'•melody" and there must be no background noise. m one 
questic^i for exaitple , only inf orroati on on the intended 
indicator can be recalled and no simultaneous particular 
expectation as to the desirable ansv;er. 



3. Indexation of the "prior knowledge state" oonoept. 



VJhen applied to this project, it means that we turn our 
attention to the indexation of the concqpt. Ihe different 
indicators or dimensions - both are largely xased as syncxiyms 
- and the variables are examined in this. In one and the 
same situatic^i, various aspects of a concqpt-as-meant are 



often active , at the same time. For that reason most 
constructs are reduced to their various coqponents as the 
first step in irde>catiQn. Ihe distinguishing of variables is 
also a first stqp on the way to cperationalizing. The 
<±aracteristic-as--ineant, i.e. the prior knowledge state, is 
divided into separate aspects vMch can be distinguished frcci 
cx>e another. Uiese aspects are ranged along dimensicais. 
Each of these diitensions is further operationalized in 
vzoriables. 

Ihe questions to be put in this research are s vihat variables 
r^resent the conc^Jt-as-meant , i.e. the prior knowledge 
ctate, in its various diinensions? What variables are seen as 
r^resentative of the dimensions distinguished or viiat 
variables adequately cover the indicators to be itieasured? 
Questions are raised about the semantic equivalence between 
the indicators (or dimensions) and the theoretical cono^ on 
the one hand and between the variables and indicators on the 
other. 

Ihe cperationeLLizing of the prior knowledge state can be 
represented schematically (figure 5) . 



theoretical conc^ : prior knowledge state 


dimension I 


dimension II 


dimension III 


variables 


variables 


variables 


ljr2,3,... 


1,2, 3,... 


1,2,3, . . . 



Figure 5. The cperationalizing of the theoretical concert: 
prior knowledge state. 



4. Methods of validation. 



Generally speaking, the following methods are distinguished : 
validation of content, vedidation of criteria and validatiai 
of cono^jts. N.B. the relationship between the instrument of 
measurement and the criteria is pivotal in the validation of 
the criteria; in construct validity the theoretical construct 
is pivotal . 

In this case it is clearly a question of content validity. 
Other terms for content VEdidity eire : logical validity, face 
validity ajxl sense-validity. Sogers (1977) claiins that ''the 
relationship between the construct-as-ineant (theoretical 
characteristic) and construct-as-measured (empirical 
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variable) is si?3ported by arguments vMch indicates that the 
"cxantent" of the indicator accords with the "content" of the 
theoretical dharacteristic. Face-validity is the assessment 
of indicatoi.:^ an their "external ^ppearanoe" as a 
representative of a theoretical cono^ or diitiensicn* 



The consensus that can arise within a scientific forum about 
the validity of a n indexation raises face-validity , frm a 
inethodolQCfical point of view, above txire subjectivity. T^e 
iudcpnent of exper ts ffellou^researchers. content exp erts) 
determine content validity, C3ontent validity can however 
only be e^roadbed v*ien the researcher pays attention in the 
first instance to the quality of instrumental design* Segers 
(1977) distinguishes four essential stages in the design of a 
COTtent valid inst:r\iment : 

a) theoretical concern with the elucidation of the 
significance of the content of the construct involved; 

b) the recognition and specification of the theoretical 
dimensions of the construct; 

c) the careful choice of indicators for each of the 
dimensiOTis distinguished; 

d) the^ assessment of the manner in v*iich the different 
indicators have to be joined to one valued determinant* 

Boesjes-Hommes (1974) agrees with S^ers that contzent 
validity can be approached by calling ujpon assessors. He 
speaks in this connection of substantive test:ir^ used to 
investigatie the equivalent in the semantic ineaning of a 
canst:ruct and its c^)erational derivatives. 

In this project we shall investigate whether the content of 
the dimensions accords with the theoretical construct of the 
"prior knowledge statue", ihis method of content validation 
whicii accords with the various stages distinguished by Segers 
(1977) includes a theoretical discussion in the research and 
also a theoretical consideration and elxKJidaticxi of the 
theoretical construct, ihis is by means of a study of the 
literature and an in-case study on ERS within a scholarly 
forum, i.e. among various e^qperts in the area of cognitive 
psychology and artificial intelligence. 

This inter-subjective assessment by e^qperts will in the first 
instance be directed at the validation of the significance of 
the^ semantic and structural equivalence. The functional 
equivalence will be discussed in the researtii grtxp and 
t:ested by the results of the eaqploratory researrli among O.U. 
students. 



5. Ii^bexation by moans of researtii into the literature and 
the iiidgment of esxpertB. 



5.1. Researcfa into t*e literature and research into the 
peroepticn of e)qperts with referenoe to FR5. 

In the first instance research into the literature refers to 
the use of prior knowledge (EKS) by students in hic^her 
education, research in the area and theories on the 
facilitating influence of prior knowledge. ©lis study is 
r^xorted cm in research report 1: '•Ihe effect of the prior 
knowledge state on leamii^: theories and research". 
A second piece of researdi on the literature is directed at 
the cperationalizing of the oonc^ of "Prior YxycMledge 
State". In this contribution, we shall examine the results 
agcdn. 

A questionnaire was constructed coitprising general questions 
on the significance of the PRS construct and the methods of 
establishing it. Potential respondents in this investigation 
were all e>qperts in the area of Cognitive Psychology or 
Artificial Intelligence. In order to make a selection frcci 
this grocp of experts v*io were active in research on prior 
knowledge, an inventory was made of the iXrtch speaking 
experts during the study of the literature. A mini 
questionnaire was sent to 27 experts. 

Relies were received frcm 17; 7 respondents did not wish to 
be regarded as experts, becavise th^ were not directly 
involved with the tc^ic; 10 respondents answered all the 
questions. In the appendix there is a brief summary of the 
results. 

5.2. Indexaticn of the "prior knowledge state** ocrexpt. 

A great deal is made of the distinction between naninal and 
real definitions in the indexation and r^resentation of 
concqpts in definitions. In ncandnal definitions, the laser 
introduces the meaning of the term by stipulation. Anyone vAio 
does not know the construct is directed towards the meaning 
within which the construct is xased. Naninal definitions of 
the "prior knowledge" construct are much in evidence in the 
literature. Ihey are largely described as " the totality of 
knowledge and skills of the subject" or ^ ^Aiat he knows 
already befordiand" . Real definitions are few and far 
between. Perhaps this conclusion can be related to another 
conclusion from this study, that is that prior knowledge thus 
far has been virtmlly exclusively measured by means of tests 
of knowledge. 

In a real definition , the manner in which the definition of a 
construct replicates reality is pivotal. Hie characteristics 
that the object does or does not meet are given here. The 
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meaning ascaribed to the cxjnstruct "prior knowledge" (reseairh 
report 1, chapter 3) indicates that two dimensions can be 
distinguished : infonnation and skills. 

Real definitions cone more often from the es^jerts than the 
literature. Relevant descriptions are given here. The 
descriptions that proceed from know-how already acquired, 
i.e. prior knowledge that has a clear influence on 
performance (see research r^rt l, page 1) provides little 
that helps to make the construct of prior knowledge usable 
and they are not included here. For exaitple, the statement 
that prior knowledge is that part of a person's knowledge 
that influences the learning, processing, r^sroducing and 
using new material in a given situation. Such definitions do 
not say what prior kncwlet^e is, but what has been 
established by means of research. 

A second exanple is the following quote : "m the natural 
sciences and mathematics it can be stated that the ability to 
solve a type of problem gives an indication that the student 
possesses the prior knowledge necessary to learn a particular 
part of the subject. In this "reversed" situation the 
performance is supplied by solving problems or carrying out 
work vAiich is unjustly regarded as the proof of the influence 
of prior knowledge. 

5.2.1. The Prior Knowledge State described by eiqjerts. 
Ihe Prior Krwwledge State described by experts as: 

- the degree to vdiich the student alreacfy possesses 
knowledge/insight/s}-j.lls. It is not just a question of 
the presence of particular element or skills, but also 
the structure of knowledge, the degree to vdiich 
knowledge, insight and skills are associated with 
stimuli so that the student is able to activate and use 
them at the ri^t moment. 

- the information present in his or her iteorory vAiicti is 
in principal accessible and can be recalled. Access 
and the ability to recall sanething does not inply that 
the student must be able to (re) produce the prior 
knowledge by himself and from within himself. 
Knowledge vhich can be (re) produced with the help of 
hints, cues, tasks is to be seen as prior knowledge. 

- in general it is organized within a cognitive structxare 
that makes it more or less easy to apply in the prxxjess 
of understanding dependent on the nature of the 
structure. In addition to organization, the ease with 
vAiicii prior knowledge is activated within the text to 
be studied or the learning context is an inportaxTt 
determinant of the learning process. 

- the knowledge that a learner has in the area in vMch 
he is to be further trained or tau^t. Prior knowledge 
can be practical knowledge and theoretical knowledge. 
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- all the kncwlecJge that is already stored in the memory 
before the "cxiterion task" was imtiated and that 
becGcnes active in the carrying out of the task (for 
exaicple learning new material) . 

- all existing knowledge of the subject. (Facts, 
definitions, laws, procedures, situations, etc. ) 
necessary for absorbing and processing the new 
knowledge, and ^*iich is there to fall back cai in 
education (textbooks) • It is not only the cca^tent that 
is iirportant, but also the availability of the prior 
knowledge; this is to an iirportant degree determined hy 
the stnjcture of the kncwledcre . 

- possessing one or more schemas in vAiich newly acquired 
knowledge can be applied. 

Fran the descriptions it appears that the e>?)erts hi^i^t a 
number of E5KS characteristics. Enphasis is on five aspects : 
the presence of knowledge, insist and skills, its structured 
nature, its dynamic nature (orgoing i^xJating) , ^ the 
availability of information required; knowledge and skills, 
present before the irtplertentation of learning activity. 

5.2.2. Ihe canxpt of prior knowledge in the literature. 

In the various theories and research on prior knowledge 
(researdti report 1) as we said before, one finds virtually 
exclusively normative descriptions. It is interesting that a 
distiiKtion is made between various sorts of prior knowledge. 
There is often reference made to declarative and procedural 
knowledge, semantic and ^isodic knowledge, and strategic 
knowledge. 

Using concepts like ^isodic and semantic knowledge is 
difficult. In practice the distinction cannot be made too 
clear. Episodic knowledge reflects the totality of personal 
ejqperienoe in its spatio-teirporal context, ocqparable to a 
historical document. Episodic knowledge is contextual and 
accidental. Semantic kiKJwledge ccrrprises a representation of 
the external world, abstracted from the context and is 
permanent and necessary. This knowledge is largely ejqjressed 
in models of roeanory as a system of related concepts. ^ Each 
mcxiel that makes a distinction must also be provided with an 
interface between ^isodic and semantic knowledge. 
This knowledge is largely ejq^ressed in models of memory as a 
system of related conc^Jts. Each model that makes a 
distinction must be equipped with an interface between the 
^isodic and semantic knowledge. How often do we have to see 
a leopard to know that its spots are a defining 
characteristic? For this reason we shall, in the present 
study, restrict ourselves to the use of a sonewhat better 
defined conoqpt of declarative knowledge and procedural 
knowledge. Declarative knowledge is knowledge of facts, the 
significance of symbols, concepts and principles in a 
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particular field. Procedural knowledge is largely knowledge 
of actions, manipulations and activities. 

Uie essential difference between them is that procedural 
knowledge relates directly to an action or activity, vdiereas 
declarative knowledge requires interpretation for it to lead 
to action (Messick, 1984). Anderson (1980) calls the 
distinction declarative - procedural; "knowing that" and 
"knowing how" respectively. Strategic knowlec^e is related 
to procedural knowledge. A strategy can be seen as a general 
plan of action in vMch a sequence of separate cognitive 
actions is set forth (Posner and McLeod, 1982) . 
The cono^jtualization of this sort of knowledge is fairly 
vague. Cohen (1983) makes no distinction between it and 
procedural knowledge. Both cccprise skills and plans of 
activity. According to De Jong (1986) the difference is in 
the degree of ^jecificity. Procedures are related to a small 
part of the solution procedure. Ihey are largely danain 
specific and caiprise algorithms and heuristic procedures 
Strategies relate to total solution prtxjedures and are often 
used v^iere there is more subject content (Sdioenfeld, 1983; 
De Jong, 1986). There is however never any question of there 
being a clear dichotory but more of a sliding transition a 
cline. The terms procedural and strategic are often used 
interchangeably. 

Finally, it has been thou^t necessary to look at the 
importance attached to ejqperience as a source of PKS. More 
research has been directed at the role of e>?)erienoe 
preceding a learning activity primarily under the influence 
of the "e^qjerimental learning school" in the US. In a 
forthocndng research report this school will be thorouqhlv 
analyzed. ^ ^ 

In summary, this means that research is dir^icted at 
declarative knowledge - called "information" here - and 
procedural and strategic knowledge - called skills. 
Further, in the literature, attention is largely directed at 
the structure of prior knowledge. Various theories are 
fonrulated (research report l) on the availability of 
information, its restructuring , ete. 



In this study HS will always be looked upon as domain 
specific prior kncwlgriq^ (research r^rt 1) . 
The Prior Kicwledge State can be described as the knowledge 
state catprising prior information (knowledge and insist; 
declarative knowledge) and skills (procedural and strategic 
knowledge) which meet the following conditions : 
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- they cire present before the iirpleroentaticri of a 
particxilar learning task 

- available or able to be recalled 

- relevant for the acMeveneant of the objectives of the 
learning task 

- organized in structured schemas 

- to a degree transferable, applicable or transferable to 
other leamir^ tasks, within and possibly outside the 
dcxcain 

- cfynaiaic in nature. 



Ihe Prior Khowledge State can be sdienaticajly presented as a 
knowledge state that ccKprises a particular raoraent ) before 
the iirplementation of a learning activity) that is available 
for the achievement of particular learning objectives 
(fig. 6). 

Domain specific Prior Knowledge State 



information 


skills 


(knowledge, insight) 


(analyzing, deducing, etc.) 


declarative knowledge 


procedural knowledge 




strategic knowledge 


ejq^erientiaLL knowledge 


experiential skills 



Figure 6. Ihe Prior Knowledge State as established at a 
particular ironent for the iirplementation of a learning 
activity. 



5*3* Variables that indicate Prior Rxwledge State. 

In the literature and aitong experts there is general 
consensus on a nuitiber of aspects which reveal PIS. Ihese are 
part of the proposed conceptualization. 

Further a limted nuniber of variables vMch give a valid 
indication of prior knowledge : pace of study, durability of 
vAiat is learned, education and work esq^erience. 
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6. Rxmsicnal oo n oeptual BodaL far researdh of tte Prior 
Knowledge State. 



Fran the above, ei^t variables can, in principle, be derived 
for a ocax3^>tual irodel for research into PKS : 

1. the nature and amcxint of information and skills 

2. the availability of cognitive structure 

3. structuring of the cognitive structure 

4. the relevance of information in respect of the 
learning objectives, 

5. the pace or duration of the learning process 

6. durability of v4iat is retained 

7. previcxas education 

8. work ejqperienoe (and age) . 



duration of study 
pace 



PKS 



> LEARNING 

RESunr 



Diitension 1 



Dimension 2 



INPCaRMATION 



SKTIIS 




nature 

aitbunt 

availability 

relevance 

durability 



nature 

amount 

availability 

relevance 

durability 




Previous education 
Work experience 



Figure 7. Oono^jtual model for PKS research 



7. Odncliision> 



Olie research described resulted in the proposed cxatxj^toial 
model (figure 7) . Operationalizing the variables selected 
into usable laeasuring iiistrtraieaits will be described in a 
following r^x>rt. Prior to that, the proposed model will be 
tested in educationsd practice by means by interviews with 
students and existing methods for the establishment of 
variables will be analyzed. 
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